Queueing network models have been extensively used to represent and analyze resource sharing systems, such as production, communication and information systems. Queueing networks with blocking are used to represent systems with finite capacity resources and with resource constraints. Different blocking mechanisms have been defined and analyzed in the literature to represent distinct behaviors of real systems with limited resources. Exact product form solutions of queueing networks with blocking have been derived, under special constraints, for different blocking mechanisms. In this paper we present a survey of product form solutions of queueing networks with blocking and equivalence properties among different blocking network models. By using such equivalences we can extend product form solutions to queueing network models with different blocking mechanisms. The equivalence properties include relationships between open and closed product form queueing networks with different blocking mechanisms.
I. Introduction
Queueing networks are used to represent and to analyze resource sharing systems, such as production, telecommunication and information systems, and they have proved to be a powerful tool for performance evaluation and prediction [23, 28] . Queueing networks have been analyzed and solved under different assumptions and constraints. Various classes of queueing networks have been shown to have product form solutions, and efficient algorithms to exactly evaluate their * This work has been partially supported by CNR Project Research Funds "Progetto Finalizzato
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performance have been developed [9, 28] . Most of the product form queueing network models require infinite capacity queues. Queueing network models with finite capacity queues have been introduced in order to represent real systems with finite capacity resources. In these models, when a queue reaches its maximum capacity, the flow of customers entering the service center is stopped, both from other service centers and from external sources in case of open networks. This phenomenon is referred to as blocking. Queueing networks with blocking can be applied to telecommunication systems and computer systems with limited shared resources, such as interconnecting links or store and forward buffers, as well as in production systems with finite storage buffers.
Different blocking mechanisms representing distinct behaviors of real systems with limited resources have been defined and analyzed in the literature. Some of the reported blocking mechanisms have been recently named and classified by Akyildiz and Perros [5] and by Onvural [31] , whereas other blocking types, which are most common in communication systems, have been analyzed and compared by van Dijk [38, 39] . Each blocking mechanism defines the service center blocking time, the behaviors of arriving customers to a full capacity service center and the servers' activity in the network. Blocking types have been compared and equivalence properties derived for open queueing networks [32, 38, 39] , for tandem networks [6, 11] and for closed queueing networks [8, 38] .
Exact product form solutions for the steady-state joint queue length probability distribution of queueing networks with blocking have been derived in the literature under special constraints, for different blocking mechanisms [1-4, 14, 15, 17, 19-22, 26, 27, 30, 33, 36, 39-43] . Several approximate solutions have been proposed for queueing networks with blocking. A survey of exact and approximate methods for closed queueing networks with blocking has recently been presented by Onvural in [31] . Open queueing networks with blocking and a bibliography on networks with finite capacity queues have been presented by Perros [34, 35] .
In this paper, we present a survey of product form solutions of open and closed queueing networks with blocking and of equivalence properties among different blocking product form network models. The equivalence properties include relationships between open and closed product form queueing networks with different blocking mechanisms.
Equivalence properties between networks with different blocking types are defined in terms of exact state space transformation functions. By using such equivalence relationships between steady-state queue length distributions, it is possible both to extend product form solution and solution methods defined for a given blocking type model to the corresponding blocking type network model and to extend or to relate insensitivity properties for queueing networks with different blocking mechanisms.
A consequence of the results of equivalence is an extension of the class of product form networks with blocking which includes models in which different nodes work under
